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(57) ABSTRACT

Methods and systems for measuring a surface of an object are
provided, wherein portions of the surface of the object are
interferometrically measured and data representing a shape of
the surface of the object are obtained by stitching the mea-
surement data corresponding to each portion together. For
measuring the individual portions of the surface of the object
a variable light shaping member is utilized preferably con-
structed by arranging two diffraction gratings in a beam path
of measuring light and appropriately displacing the two dif-
fraction gratings relative to each other depending on a target
shape of a particular portion of the surface of the object.
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METHOD AND SYSTEM FOR MEASURING A
SURFACE OF AN OBJECT

[0001] This application claims the benefit of U.S. Provi-
sional Application No. 60/975,000, filed Sep. 25,2007, which
is incorporated into the present application in full by refer-
ence.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to a method and a
system for measuring a surface of an object. In particular, the
present invention relates to a method and a system for mea-
suring a surface of an object by successively measuring dif-
ferent portions of the surface by an interferometric technique.
[0004] Further, the present invention relates to an optical
system for shaping a light beam. In particular, the present
invention relates to an optical system for shaping a light beam
comprising two diffraction gratings.

[0005] 2. Brief Description of Related Art

[0006] A shape of a surface of an object, in particular an
optical element, such as a lens or a mirror, can be measured by
an optical interferometric method. Conventionally, a beam of
measuring light is generated comprising wavefronts corre-
sponding to a target shape of the surface of the object to be
measured. Thus, the beam of measuring light is incident
substantially orthogonal to the surface of the object to be
measured. The beam of measuring light being reflected from
the surface of the object to be measured is superimposed with
reference light and the resulting interferogram as detected by
a spatially resolving detector. From the interferogram devia-
tions of the shape of the surface of the object from the target
shape can be determined.

[0007] Forming of the measuring light in order to comprise
wavefronts having a shape corresponding to a target shape is
in particular difficult, when the surface of the object to be
measured has an irregular shape and a large extension. The
optics for forming an appropriate beam of measuring light are
also commonly referred to as K-systems, null lens arrange-
ments or compensators. For measuring large surfaces of an
object a so-called “stitching methodology” has been devel-
oped as described in the article by M. Bray, Proc. SPIE, Vol.
3492, 946 (1999). From this article a method of testing a large
mirror having a spherical shape by performing interferomet-
ric tests ata plurality of overlapping portions or sub-apertures
of the optical surface is known. Each portion has a lower
diameter than the surface to be measured. Measured surface
data of each portion are then stitched together to generate
surface data representing a map of the surface shape of the
tested mirror.

[0008] From WO 2005/114101 Al an interferometric
method employing the stitching methodology is known to
measure an aspherical optical surface having a rotational
symmetry.

[0009] The conventional methods and systems however do
not allow to accurately measure aspherical surfaces, in par-
ticular they do not allow to accurately measure aspherical
surfaces having a large extension.

SUMMARY OF THE INVENTION

[0010] Thepresent invention has been accomplished taking
the above problems into consideration.
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[0011] It is an object of the present invention to propose
methods and systems capable of measuring a surface having
an aspherical shape. In particular, the surface to be measured
may be a surface of an optical element, such as a lens or a
mirror. In particular, It is an object of the present invention to
provide methods and systems capable of measuring a large
surface having an aspherical shape.

[0012] It is a further object of the present invention to
provide an optical system for shaping a light beam. In par-
ticular, it is an object of the present invention, to provide an
optical system for shaping a light beam capable of shaping the
light beam in a variable manner.

[0013] Embodiments of the present invention provide
methods and systems for optically measuring a surface of an
object by interferometry. Embodiments of the present inven-
tion provide methods and systems for measuring a surface of
an object employing a variable light shaping member.
[0014] According to an embodiment, a method of measur-
ing a surface of an object comprises traversing a variable light
shaping member with a first portion of measuring light; illu-
minating a first portion of the surface of the object with the
first portion of the measuring light having traversed the vari-
able light shaping member; detecting light emanating from
the first portion of the surface, the light being superimposed
with a second portion of the measuring light by interference;
modifying at least one optical property of the variable light
shaping member; displacing the surface of the object, to illu-
minate a second portion of the surface of the object with the
first portion of the measuring light having traversed the vari-
able light shaping member; and detecting light emanating
from the second portion of the surface, the light being super-
imposed with the second portion of the measuring light by
interference.

[0015] The variable light shaping member may have a cross
section extending in an area. The modifying at least one
optical property of the variable light shaping member may
comprise modifying at least one optical property at least one
location of the area.

[0016] The displacing the surface of the object may com-
prise displacing the surface of the object relative to at least
one of the variable light shaping member and the measuring
light.

[0017] The measuring light has a large coherence length
and may be generated by a laser. After generating the mea-
suring light, the measuring light may traverse a collimating
optics to appropriately collimate the measuring light. The first
portion of the measuring light traverses the variable light
shaping member that may extend in a cross section thereof in
an area transverse, in particular orthogonal, to a direction of
the measuring light traversing the variable light shaping
member. In particular, the measuring light is a beam of mea-
suring light having a cross sectional size corresponding to the
size of the area of the variable light shaping member. The
measuring light traversing the variable light shaping member
may comprise plane wavefronts. Upon traversing the variable
light shaping member, the plane wavefronts may be deformed
to correspond to a target shape of the portion of the surface of
the object being illuminated with the first portion of the mea-
suring light having traversed the variable light shaping mem-
ber.

[0018] The first portion of the surface of the object may
have a different shape than the second portion of the surface
of'the object. In this case, the deformation of the wavefronts
of the first portion of the measuring light are different when
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the first portion of the surface of the object or the second
portion of the surface of the object is illuminated with the first
portion of the measuring light having traversed the variable
light shaping member.

[0019] Inorder to achieve the different deformations of the
first portion of the measuring light from plane wavefronts, at
least one optical property at least one location of the area of
the variable light shaping member is modified when illumi-
nation of the first portion of the surface of the object is
switched to illumination of the second portion of the surface
of the object. In general, the at least one optical property is
controllable at a plurality of locations of the area of the
variable light shaping member. The modifying of the at least
one optical property may be controlled based on a target
shape of the first portion of the surface or the second portion
of the surface being illuminated, respectively.

[0020] According to an embodiment of the present inven-
tion, a method of measuring a surface of an object comprises
illuminating a first portion of the surface of the object with a
first portion of measuring light; traversing a variable light
forming member with a second portion of the measuring
light; detecting light emanating from the first portion of the
surface, the light being superimposed with the second portion
of the measuring light having traversed the variable light
shaping member; modifying at least one optical property of
the variable light shaping member; displacing the surface of
the object, to illuminate a second portion of the surface of the
object with the first portion of the measuring light; and detect-
ing light emanating from the second portion of the surface,
the light being superimposed with the second portion of the
measuring light having traversed the variable light shaping
member.

[0021] According to this embodiment, the first portion of
the measuring light illuminates different portions of the sur-
face of the object without having traversed the variable light
shaping member. Instead, the second portion of the measur-
ing light traverses the variable light forming member. Simi-
larly as the above described embodiment, at least one optical
property at least one location of the area of the variable light
shaping member is modified when switching from illuminat-
ing the first portion of the surface of the object to illuminating
the second portion of the surface of the object. According to
this embodiment, generally, the first portion of the measuring
light is not orthogonally incident onto either the first portion
or the second portion of the surface of the object.

[0022] According to an embodiment of the present inven-
tion, the at least one optical property of the variable light
shaping member is at least one of a degree of an absorption of
the measuring light and a degree of a phase-shift of measuring
light at one location relative to another location of a cross
section of the variable light shaping member. By controlling
the absorption or the phase-shift experienced by the measur-
ing light upon traversing the variable light shaping member, it
is possible to appropriately shape wavefronts of the measur-
ing light having traversed the variable light shaping member.
In general, traversing the variable light shaping member,
comprises interacting with the variable light shaping member
and emanating therefrom, such as transmitting the variable
light shaping member or reflecting from the variable light
shaping member.

[0023] According to an embodiment of the present inven-
tion, a degree of modifying the at least one optical property of
the variable light shaping member at the location of the area
depends on an amount of the displacement of the surface of

Mar. 26, 2009

the object relative to the variable light shaping member. In
particular, the larger the amount of the displacement of the
surface of the object, the larger the degree of modifying the at
least one optical property of the variable light shaping mem-
ber.

[0024] According to an embodiment of the present inven-
tion, the variable light shaping member is formed by a liquid
crystal field, wherein the modifying the at least one optical
property of the variable light shaping member comprises
modifying an electric field at least one location of the liquid
crystal field. Modifying the electric field at the location
results in modifying at least one optical property at this loca-
tion of the area of the variable light shaping member.

[0025] According to an embodiment of the present inven-
tion, the variable light shaping member comprises two dif-
fraction gratings arranged in a beam path of the measuring
light, wherein the modifying the at least one optical property
at the at least one location of the area of the variable light
shaping member comprises displacing the two diffraction
gratings relative to each other.

[0026] In particular, two diffraction gratings may be suc-
cessively arranged in the beam path of the measuring light.
[0027] Inparticular, the displacing the two diffraction grat-
ings relative to each other comprises modifying the at least
one optical property at a plurality of locations of an area of a
cross section of the variable light shaping member.

[0028] According to an embodiment of the present inven-
tion, the displacing the two diffraction gratings relative to
each other comprise at least one of rotating and translating the
diffraction gratings relative to each other.

[0029] According to an embodiment of the present inven-
tion, an amount of the displacement of the diffraction gratings
relative to each other depends on at least one of an amount and
a direction of the displacement of the surface of the object. In
particular, the displacement of the diffraction gratings rela-
tive to each other may be the greater the greater the amount of
the displacement of the surface of the object is.

[0030] According to an embodiment of the present inven-
tion, both diffraction gratings comprise a substrate in which
substantially a same phase-function is implemented. This
provides a very simple construction of the variable light shap-
ing member. The phase-function may be symmetric in one
direction of the area and may be anti-symmetric in an other
direction of the area of the variable light shaping member.
[0031] According to an embodiment of the present inven-
tion, the first portion and the second portion of the surface of
the object each comprise less than 80% of a total surface area
of the object.

[0032] According to an embodiment of the present inven-
tion, the detecting the light emanating from at least one of the
first and the second portion of the surface comprises acquiring
images using a spatially resolving detector. The detector may
be for example a CCD camera or a CMOS sensor.

[0033] According to an embodiment of the present inven-
tion, the interferometric method further comprises evaluating
an intensity of the detected light having emanated from at
least one of the first portion and the second portion of the
surface of the object, to obtain measuring data representing a
surface shape of the surface.

[0034] According to an embodiment of the present inven-
tion, substantially an entire surface of the object is measured
by repeated application of the illuminating and the detecting
to different portions of the surface and repeated application of
the modifying at least one optical property.
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[0035] According to an embodiment of the present inven-
tion, a method of manufacturing an optical element is pro-
vided comprising determining measuring data representing a
surface shape of the optical element according to a method of
the present invention; processing the optical element based on
the measuring data representing the surface shape of the
optical element comprising at least one of planing, grinding,
etching, polishing, processing using a particle beam and
applying a protective coating. Thus, in particular optical ele-
ments such as a lens or a mirror may be manufactured. This
optical element may for example be used in objectives, in
particular in objectives used for lithography techniques
employed for manufacturing semiconductor devices.

[0036] According to an embodiment of the present inven-
tion, a system for measuring a surface of an object is pro-
vided, the system comprising an interferometer comprising a
light source for generating measuring light; a variable light
shaping member; and a spatially resolving detector, wherein
the light source and the variable light shaping member are
arranged and configured to allow the measuring light to be
incident on at least a portion of the surface of the object after
traversing the variable light shaping member, wherein the
detector is arranged and configured to detect light being
formed by superposition of measuring light emanating from
the surface of the object and reference light.

[0037] The light source may be a laser generating measur-
ing light having a large coherence length. The measuring light
may be formed as a beam of measuring light having a cross
sectional size corresponding to an area of a cross section of
the variable light shaping member. The system may further
comprise an object holder for holding the object and displac-
ing the object such that different portions of the surface of the
object may be illuminated with the measuring light. Further,
the system may comprise a controller for controlling at least
one optical property at at least one location of the area of the
variable light shaping member.

[0038] According to an embodiment of the present inven-
tion, a system for measuring a surface of an object is pro-
vided, the system comprising an interferometer comprising a
light source for generating measuring light; a variable light
shaping member; and a spatially resolving detector, wherein
the light source and the detector are arranged and configured
to allow the measuring light to be incident on at least a portion
of the surface of the object, such that the detector detects the
measuring light emanating from the portion of the surface,
and wherein the light source, the variable light shaping mem-
ber and the detector are further arranged and configured to
allow the measuring light to be incident on the detector after
traversing the variable light shaping member in order to be
detected by the detector. Traversing the variable light shaping
member may comprise interacting with the variable light
shaping member by the measuring light and emanating there-
from, thus including transmitting and reflecting.

[0039] According to an embodiment of the present inven-
tion, the variable light shaping member is configured such
that at least one of the following holds: a ratio of an amplitude
of measuring light being incident on a location of a cross
section of the variable light shaping member and emanating
from the location is adjustable to be greater than 0.2, in
particular greater than 10, further in particular greater than
100; a ratio of an amplitude of measuring light being incident
on a location of a cross section of the variable light shaping
member and emanating from the location is adjustable to be
less than 1.5, in particular less than 1.2, further in particular
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less than 1.1; an amount of a difference of a phase of measur-
ing light being incident on a location of a cross section of the
variable light shaping member and emanating from the area is
adjustable to be greater than /2, in particular greater than 7,
further in particular greater than 2m; and an amount of a
difference of a phase of measuring light being incident on a
location of a cross section of the variable light shaping mem-
ber and emanating from the location is adjustable to be
smaller than 7/10, in particular smaller than rt/100. Thus, the
variable light shaping member be adjustable to absorb the
measuring light to a large or small degree as desired and may
be adjustable to change a phase of the measuring light by a
large or a small amount as desired upon traversing the vari-
able light shaping member. Thus, a desired shape of a wave-
front of measuring light having traversed the variable light
shaping member is achievable.

[0040] According to an embodiment of the present inven-
tion, the variable light shaping member comprises a transpar-
ent liquid crystal field. Properties of the liquid crystal field
may be adjustable by a controller.

[0041] According to an embodiment of the present inven-
tion, the variable light shaping member comprises two dif-
fraction gratings successively arranged in a direction of the
traversing measuring light, wherein the two diffraction grat-
ings are displaceable relative to each other. Thereby, a simple
construction of the variable light shaping member is pro-
vided.

[0042] According to an embodiment of the present inven-
tion, the two diffraction gratings each comprise a substrate
having optical diffraction structures arranged thereon imple-
menting substantially a same phase-function. Thus, a con-
struction of the variable light shaping member is even sim-
plified.

[0043] According to an embodiment of the present inven-
tion, the system further comprises an object holder for hold-
ing the object, wherein the interferometer and the object
holder are displaceable relative to each other. Thereby, it is
possible to measure different portions of the surface of the
object in order to cover substantially the entire surface of the
object. Measuring data acquired from the individual portions
of the surface of the object are then combined (stitched
together) to determine measuring data representing a shape of
the entire surface of the object.

[0044] According to an embodiment of the present inven-
tion, at least one of a three-axis positioning apparatus is
provided for displacing the interferometer and an azimuthal
pivot bearing is provided for displacing the object holder.
[0045] According to an embodiment of the present inven-
tion, a method according to an embodiment of the present
invention is performed using a system according to an
embodiment of the present invention.

[0046] Embodiments of the present invention provide an
optical system for shaping a light beam. Shaping the light
beam may comprise modifying a shape of a wavefront of the
light beam.

[0047] According to an embodiment of the present inven-
tion, the optical system for shaping a light beam comprises a
first diffraction grating and a second diffraction grating (suc-
cessively) arranged in a beam path of the optical system; and
a controller being adapted to control displacing the two dif-
fraction gratings relative to each other based on an input
value.

[0048] According to an embodiment of the present inven-
tion, the displacing of the two diftraction gratings relative to
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each other comprises at least one of rotating and translating
the two diffraction gratings relative to each other.

[0049] In particular, the rotating may comprise rotating
about a direction of the beam path, the translating may com-
prise translating transverse, in particular orthogonal, to the
direction of the beam path.

[0050] According to an embodiment of the present inven-
tion, at least one optical property of the optical system can be
modified by displacing the two diffraction gratings relative to
each other. Thus, changing one optical property of the optical
system is achievable by a simple movement of the two dif-
fraction gratings relative to each other.

[0051] According to an embodiment of the present inven-
tion, the optical property is at least one of a focal length and
an astigmatism. In particular, the focal length of the optical
system may be modified by displacing the two diffraction
gratings along a first direction in a plane of a cross section of
the variable light saving member and the astigmatism of the
optical system may be modified by displacing the two dif-
fraction gratings relative to each other along a second direc-
tion in the plane of the cross section of the variable light
saving member.

[0052] The plane of the cross section of the variable light
shaping member may be oriented transverse, in particular
orthogonal, to the direction of the beam path. Each of the two
diffraction gratings may extend in an area parallel to the plane
of the cross section.

[0053] According to an embodiment of the present inven-
tion, the two diffraction gratings each comprise a substrate on
which a same phase-function is implemented. A phase-func-
tion describes how a phase of the light beam is influenced
upon traversing the first or the second diffraction grating. The
phase-function may be implemented on the substrate of each
of the two diffraction gratings by arranging grating forming
structures thereon, in particular in a periodic manner. Each
grating forming structure influences at least one of an ampli-
tude and a phase of the light beam traversing the diffraction
grating.

[0054] According to an embodiment of the present inven-
tion, the first diffraction grating comprises a first region of the
substrate of the first diffraction grating and the second dif-
fraction grating comprises a second region of the substrate of
the second diffraction grating, wherein the two regions each
comprise at least 80% of a total area of the respective diffrac-
tion grating and wherein for an optimal relative alignment of
the first region and the second region with respect to a struc-
tural coincidence of both diffraction gratings an average of an
amount of a difference between local reciprocal lattice vec-
tors of both diffraction gratings is less than 10/mm, in par-
ticular 5/mm, further in particular 1/mm. The grating forming
structures exhibit a locally periodic arrangement which
allows assignment of a local primitive lattice vector. A length
of the primitive local lattice vector corresponds to the period
of the grating forming structures, i.e. a smallest distance
between corresponding grating forming structures. The local
reciprocal lattice vector is substantially the inverse of the
local primitive lattice vector. If an identical, i.e. an exactly
same, phase-function is implemented in the first diffraction
grating and the second diffraction grating, a difference
between local reciprocal lattice vectors of the first diffraction
grating and the second diffraction grating is substantially
zero. To achieve an optimal relative alignment of the first
region of the first diffraction grating and the second region of
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the second diffraction grating, a rotation or a translation of
one of the diffraction gratings may be required.

[0055] According to an embodiment of the present inven-
tion, an objective or an interferometer comprises an embodi-
ment of the optical system.

[0056] According to an embodiment of the present inven-
tion, the system for measuring a surface of an object com-
prises an optical system having a first and a second diffraction
grating according to an embodiment of the present invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0057] The forgoing as well as other advantageous features
of the invention will be more apparent from the following
detailed description of exemplary embodiments of the inven-
tion with reference to the accompanying drawings. It is noted
that not all possible embodiments of the present invention
necessarily exhibit each and every, or any, of the advantages
identified herein.

[0058] FIG. 1 schematically illustrates a system for mea-
suring a surface of an object according to an embodiment of
the present invention;

[0059] FIG. 24,

[0060] FIG. 2B illustrate diagrams of measurement results
obtained by the system for measuring an aspheric surface of
an object illustrated in FIG. 1;

[0061] FIG. 2C illustrates a diagram of measurement
results using a conventional system for measuring an aspheric
surface of an object;

[0062] FIG. 3 schematically illustrates another embodi-
ment of a system for measuring a surface of an object accord-
ing to the present invention;

[0063] FIG.4A, FIG. 4B, FIG. 4C, FIG. 4D, FIG. 4E, FIG.
4F schematically illustrate a variable light shaping member
comprising two diffraction gratings according to an embodi-
ment of the present invention;

[0064] FIG.5A, FIG. 5B, FIG. 5C, FIG. 5D, FIG. 5E sche-
matically illustrate relative displacements in an x-direction of
the two diffraction gratings comprised in the variable light
forming member illustrated in FIGS. 4A to 4E and also the
resulting modification of the optical properties of the variable
light forming member;

[0065] FIG. 6A, FIG. 6B, FIG. 6C, FIG. 6D, FIG. 6E sche-
matically illustrate displacements of the two diffraction grat-
ings comprised in the variable light shaping member illus-
trated in FIGS. 4A to 4E along a y-direction and also the
resulting modification of the optical properties of the variable
light shaping member; and

[0066] FIG. 7 schematically illustrates another embodi-
ment of a system for measuring a surface of an object which
comprises a three-axis positioning apparatus.

DETAILED DESCRIPTION OF EXEMPLARY
EMBODIMENTS

[0067] In the exemplary embodiments described below,
components that are alike in function and/or structure are
designated as far as possible by alike reference numerals.
Therefore, to understand the features of the individual com-
ponents of a specific embodiment, the descriptions of other
embodiments and of the summary of the invention should be
referred to.

[0068] FIG. 1 schematically illustrates a system 1 for mea-
suring a surface 3 of an object 5 according to an embodiment
of the present invention. An interferometer 2 includes a laser
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light source 7, to generate measuring light 9 that is constituted
of essentially plane wavefronts. Measuring light 9 traverses a
collimator 11 to be collimated at a pin hole of an aperture 13.
Measuring light 9 emerges from the pin hole substantially as
spherical wavefronts. Measuring light 9 traverses a semi-
transparent plate 17 and is incident on a collimating lens 19.
Upon traversing the collimating lens 19, the spherical wave-
fronts of the measuring light 9 are transformed to substan-
tially parallel wavefronts. Having traversed the collimating
lens 19 the measuring light 9 is incident on a wedge-shaped
plate 21 whose back face 23 is oriented orthogonal to the
optical axis 15 of the system 1. The face 23 of the wedge-
shaped plate 21 acts as a reference face for generating refer-
ence light 25 by reflecting a portion of the reference light 9.
Another portion 27 of the measuring light 9 traverses the
wedge-shaped plate 21 and is incident on a variable light
shaping member 29.

[0069] In different variants of the system 1 illustrated in
FIG. 1 the variable light shaping member may have different
constructions, as will be explained below. In general, the
variable light shaping member 29 extends in an area in the
x-y-plane. A lateral extension of the variable light shaping
member along the x-direction amounts to D. The variable
light shaping member 29 modifies a shape of the plane wave-
fronts constituting the portion 27 of the measuring light such
that the shaped measuring light 31 emanating from the vari-
able light shaping member 29 is orthogonally incident on the
surface 3 of the object 5 at each location within a portion 33
of the surface 3 of the object 5 illuminated with the shaped
measuring light 31.

[0070] Inthe illustrated example, the object 5 has a convex
surface in the portion 33 of the surface 3. Thus, a lateral
extension of the portion 33 in the x-direction is smaller than
the extension D of the area of the variable light shaping
member 29. When measuring other portions of the surface 3
of the object 5, for example portion 35 having a concave
shape, this situation may be reversed.

[0071] The shaped measuring light 31 is incident onto the
portion 33 of the surface 3 of the object 5 and is reflected
therefrom as probing light 37. The probing light 37 travels
back substantially the same path as the shaped measuring
light 31 travels towards the object 5 only if the shape of the
surface 3 of the object 5 in the portion 33 matches a target
shape of the surface 3 of the object 5 in the portion 33. If there
are deviations from the target shape, the probing measuring
light 37 will travel a slightly different path than the path
traveled by the shaped measuring light 31 towards the object
5. Thus, a shape of wavefronts constituting the probing mea-
suring light 37 will deviate from a shape of wavefronts con-
stituting the shaped measuring light 31.

[0072] The probing measuring light 37 traverses the vari-
able light shaping member 29 to be transformed into light 39
constituted by substantially plane wavefronts. Deviations of a
shape of the wavefronts 39 from plane wavefronts depend on
deviations of the target shape of the surface 3 of the object 5
in the portion 33 from the actual shape of the surface 3 of the
object 5 in this portion. Probing measuring light 39 further
traverses the wedge-shaped plate 21 to be superimposed with
the reference light 25 generated by reflection of measuring
light 9 from the reference face 23. The superimposed light 25,
39 is collimated by the collimating lens 19, to form substan-
tially spherical wavefronts. The superimposed light 25, 39 is
reflected by the semitransparent plate 17, is focused in a pin
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hole of an aperture 41, traverse a imaging optics 43 to be
imaged to a light sensitive surface 45 of a detector 47.

[0073] The detector 47 is a CCD detector comprising a
two-dimensional array of pixels each of which detecting an
intensity of the superimposed light 25, 39. As the measuring
light 9 is highly coherent light having a large coherence
length, the two portions 25 and 39 of the measuring light 9
having traversed different optical path lengths are able to
interfere. Thereby, an interference pattern representing a
deviation of the shape of the surface 3 of the object 5 in the
portion 33 from a target shape of the surface 3 of the object 5
in this portion is acquired. Electrical signals generated by the
detector 47 based on the intensities of the interference pattern
detected by the individual pixels are supplied by signal line 49
to a control and processing system 51. The control and pro-
cessing system 51 computes data representing the shape 3 of
the object 5 in the portion 33 based on the acquired interfero-
gram. These surface shape data may be stored in a database
53.

[0074] Portion 33 of the surface 3 of the object 5 represents
only a small fraction of an entire area of the surface 3 of the
object 5. In order to determine surface shape data of the entire
surface 3 of the object 5 the measuring method explained
above applied to portion 33 of the surface 3 of the object 5 is
applied to multiple other portions, preferable overlapping
with each other, of the surface 3 of the object 5. For this
purpose, the object 5 is displaced relative to the interferom-
eter 2. In the embodiment illustrated in FIG. 1 the displace-
ment of the object 5 relative to the interferometer 2 comprises
arotation of the object holder 4 holding the object 5 around an
axis 55. The rotation is triggered by the control and process-
ing system 51 by supplying a control signal via signal line 57
to an actuator 59. The actuator 59 rotates the object holder 4
around the axis 55 by a desired rotation angle. Thereby,
another portion 33' not illustrated in FIG. 1 will be positioned
to be illuminated by shaped measuring light 31. However, the
other portion 33' of the surface 3 of the object 5 will have in
general a target shape different from the target shape of the
portion 33 of the surface 3 of the object 5. Again, for this other
portion 33' of the surface 3 of the object 5 it must be ensured
that the shaped measuring light 31 is constituted by wave-
fronts having a shape corresponding to the target shape of the
other portion 33' of the surface 3 of the object 5. Therefore, the
control and processing system 51 sends via signal line 61
control signals to the variable light shaping member 29 in
order to modify at least one optical property at least one
location within the lateral extension of the variable light shap-
ing member 29. Depending on the variant of the variable light
shaping member 29 employed, the modifying the optical
property at at least one location of the variable light shaping
member 29 is performed differently. These variants will be
described below.

[0075] FIGS. 2A, 2B and 2C illustrate diagrams of inter-
ferometric measurements, wherein the diagram illustrated in
FIG. 2C is obtained by embodiments of the present invention
and the diagrams illustrated in FIGS. 2C and 2D are obtained
using a conventional system. In a system according to an
embodiment of the present invention and in the conventional
system a surface of a lens having an aspheric shape (3.2 mm
deviation from a sphere having a lens diameter of 300 mm)
was measured using the stitching methodology. The lateral
extension of the sub-aperture defining the extension of the
measurement area (corresponding to the lateral extension D
in FIGS. 1 and 3) was 15 mm. FIG. 2B illustrates a graph
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showing a curve 63 representing a deviation of the surface
shape of the measured aspherical lens from a best approxi-
mating sphere in dependence of a lateral dimension in the
x-direction. The plotted deviation represented by curve 63
assumes low values near an outer edge of the lens and
increases then towards the center of the lens to high value
amounting up to —3.2 mm. From the extreme value of -3.2
mm the deviation decreases towards the center of the lens,
where a value of zero is assumed. Using a sub-aperture having
a size of 15 mm, the portion 33 located close to an outer edge
of the lens was measured.

[0076] FIG. 2A illustrates the interferogram obtained by
measuring the portion 33 of the aspherical lens using the
system 1 illustrated in FIG. 1 according to an embodiment of
the present invention. While measuring the interferogram
illustrated in FIG. 2A the variable light shaping member 29
was adjusted by the control and processing system 51 to
generate shaped measuring light 31 having wavefronts cor-
responding to a target shape of the aspherical lens in the
portion 33. It is apparent that the interferogram shows inten-
sity variations across the entire extension of 15 mm of the
sub-aperture. Thus, surface shape data across the entire sub-
aperture size can be obtained from the interferogram illus-
trated in FIG. 2A.

[0077] FIG. 2C illustrates the interferogram obtained by a
conventional system. In this case, the shaped measuring light
31 was not formed to comprise wavefronts having a shape
corresponding to the target shape in the portion 33 of the
aspherical lens but instead corresponding to an spherical
approximation of the target shape. Therefore, only shaped
measuring light 31 being incident within a region of size 3
mmx10 mm within the portion 33 of the surface of the
aspherical lens was superimposed with the reference light and
reached the detector. Thus, only a small stripe of size 3
mmx10 mm of the sub-aperture of size 15 mmx15 mm canbe
evaluated to obtain surface shape data of the aspherical lens.
Thus, the conventional system acquires a much larger number
of sub-apertures each having a smaller size than the system
according to the present invention, resulting in longer mea-
suring times.

[0078] Inthe embodiment illustrated in FIG. 1 of a system
for measuring a surface of an object, the first portion of the
measuring light 9 is incident on the surface 3 of the object 5
after having traversed the variable light shaping member 29
and is then reflected from the surface 3 within the portion 33.
The reflected measuring light is then superimposed with ref-
erence light and the interferogram is detected.

[0079] However, in other embodiments of the present
invention, the first portion of the measuring light is incident
on the surface 3 of the object 5 without having traversed the
variable light shaping member 29.

[0080] FIG. 3 schematically illustrates an example of an
embodiment 1a of such a system. The laser light source 7a
generates measuring light 9 which traverses a lens 12, a pin
hole of an aperture 134 and a lens 12' to widen a cross
sectional size of the beam of measuring light to a diameter D,
wherein the widened beam of measuring light 9a is consti-
tuted by substantially plane wavefronts. The measuring light
9a traverses a semitransparent plate 17a and is incident on the
surface 3a of an object 5a in a portion 33a. The measuring
light is reflected as probing measuring light 374 at the portion
33a ofthe surface 3a of the object 5a. Due to the curved shape
of the portion 33a of the surface 3a of the object 5a the
reflected measuring light 37q traverses a path different from
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the path of the measuring light 9a being incident on the
portion 33a of the surface 3a. In particular, the curved shape
in the region 33a is an aspherical shape. Therefore, wave-
fronts constituting the reflected measuring light 37a also have
an aspherical shape. The reflected measuring light 37a is
reflected at a semitransparent plate 17a, to form probing
measuring light 39a.

[0081] A portion of the widened measuring light 9a is
reflected at the semitransparent plate 19¢ and is incident in an
area of size D on the variable light shaping member 29a. In
the embodiment illustrated in FIG. 3 the variable light shap-
ing member 29 is a reflection type variable light shaping
member. The optical properties at each location within the
area of lateral extension D are controlled via signal line 61a
by the control and processing system 51a.

[0082] The optical properties are adjusted such that the
reference light 25a emanating from the variable light shaping
member 29a upon impingement of the widened measuring
light 9a is constituted by wavefronts having a shape corre-
sponding to a target shape of the shape of the surface 3a of the
object 5a in the portion 33a. The reference light 254 traverses
the semitransparent plate 174 and is superimposed with the
probing measuring light 39« forming the superimposed light
25a,39a. The superimposed light 254, 39a traverses alens 42,
a pin hole of an aperture 41a and a lens 42' to be imaged on a
light sensitive surface 45a of a detector 47a as an interfero-
gram.

[0083] Ifthe shape of the surface 3a of the object 5a in the
portion 33a deviates from the target shape represented by the
shape of the wavefronts of the reference light 25a, the
detected interferogram will exhibit intensity variations
indicative of these deviations. Electrical signals representing
the detected interferogram are supplied via signal line 49a to
the control and processing system 51a which is adapted to
determine surface shape data representing the shape of the
surface 3a of the object 5a in the portion 33a.

[0084] In order to gain surface shape data from another
portion, such as portion 35a, the object holder 4a holding the
object 5a is displaced relative to the interferometer 2a. A
particular embodiment of a positioning system will be
described below with reference to FIG. 7. In the embodiment
illustrated in FIG. 3 the object holder 4a may be rotated
around an axis 55a via an actuator 59a which is controlled by
the control and processing system 51a via signal line 57a.
Further, the object holder 4a may be displaceable relative to
the interferometer 2a by lateral translations in the x-direction
and y-direction. Thereby, the object holder 4a is positioned
such that the portion 35a of the surface 3a of the object 5a is
illuminated with the widened measuring light 9a. Further, the
variable light shaping member 294 is controlled by the con-
trol and processing system 51a to modify its optical proper-
ties such that the reference light 25¢ emanating from the
variable light shaping member 29a now is constituted by
wavefronts having a shape corresponding to a target shape of
the surface 3a of the object 5a in the portion 35a. Again, an
interferogram formed by detection of superimposed refer-
ence light 254 and probing measuring light 394 originating by
reflecting the widened measuring light 9a at the portion 35«
of'the surface 3a of'the object 5a is acquired. The control and
processing system 51a processes electrical signals supplied
from the detector 47a representing the interferogram, to
determine surface shape data representing the shape of the
surface 3a of the object 54 in the portion 354. In an analogous
manner other portions of the surface 3a of the object 5a are
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measured and the resulting surface shape data corresponding
to each such portion are combined (stitched together) to
obtain surface shape data representing a shape of the entire
surface 3a of the object 5a.

[0085] As mentioned above, the present invention provides
for each of the embodiments illustrated in FIG. 1 and FIG. 3
different variants of the construction of the variable light
shaping member 29 and 294, respectively. In one variant the
variable light shaping member is realized by a liquid crystal
spatial light modulator, as for example described in the article
of J. L. de Bougrenet de al Tocnaye et al., “Complex ampli-
tude modulation by use of liquid-crystal spatial light modu-
lators”, Appl. Opt. Vol. 36, No. 8, 10 Mar. 1997. In particular
in this case the measuring light 9, 94 may be polarized mea-
suring light, in particular linearly polarized measuring light.

[0086] Another variant of the variable light shaping mem-
ber to be used in the embodiments illustrated in FIG. 1 or 3
will be described with reference to FIGS. 4A to 4E, FIGS. 5A
to SA and FIGS. 6A to 6E.

[0087] FIG. 4A schematically illustrates a variable light
shaping member 295 that can be used as variable light shap-
ing member 29 or 29« in the embodiments illustrated in FIGS.
1 and 3, respectively. Further, variable light shaping member
295 can be used as an optical system having variable optical
properties in other optical systems, such as in objectives.

[0088] The variable light shaping member 295 illustrated in
FIG. 4A is illustrated in a plane view in the x-y-plane and in
a side view in FIG. 4F. The variable light shaping member 295
extends in an area in the x-y plane having a lateral extension
D. The extension D corresponds to a size of a sub-aperture for
illuminating a portion of a surface of an object when employ-
ing the stitching methodology for measuring a shape of the
surface of the object. The lateral extension D may range in the
order of 5 mm to 30 mm. When arranged in a system for
measuring a surface of an object, the measuring light may in
particular be incident orthogonally to the drawing plane of
FIG. 4A.

[0089] The variable light shaping member 295 comprises
two diffraction gratings 65 and 67 successively arranged in a
direction z of the traversing measuring light 27. The first
diffraction grating 65 and the second diffraction grating 67
are displaceable relative to each other. As illustrated in FIG.
4F each of the diffraction gratings 65, 67 is connected to a
shaft 66 and 66', respectively, which in turn are connected to
actuators 68, 68', such as an electric motor or a piezo element.
The actuators 68, 68' may change the position and orientation
of the diffraction gratings 65, 67 relative to each other. For
this, the actuators 68, 68' are controlled by control system 515
via signal lines. In particular, the relative position of the
diffraction gratings 65, 67 in the x-y plane is adjustable by
controlling the actuators 68, 68'. Further, the actuators may be
controlled to rotate the diftraction gratings 65, 67 relative to
each other. Thereby, an optical property of the variable light
shaping member, in particular a focal length and an astigma-
tism, can be adjusted as desired.

[0090] Each diffraction grating comprises a substrate and a
plurality of optical diffraction structures arranged thereon.
The optical diffraction structures 69 influence in particular a
phase and/or an amplitude of the measuring light traversing
the variable light shaping member 295.

[0091] Anarrangement and optical properties of the optical
diffraction structures 69 may be described by a so-called
phase-function f(x,y) being a function of the coordinates x, y
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spanning the area of both diffraction gratings 65, 67. The
phase-function of both diffraction gratings is given by

ey = a(§ +x-y2],

where a represents an arbitrary constant.

[0092] The phase-function f(x,y)is symmetric with respect
to the coordinate y and is anti-symmetric with respect to the
coordinate x.

[0093] The two diffraction gratings 65 and 67 successively
arranged are not in the same orientation but one of the dif-
fraction gratings is rotated by 180° around the y-axis. The
total phase-function of the variable light shaping member 295
is

8.3 A% Ay AQ)=F (x,y)~F(x-Ax,y-Ay.9-Ad).

[0094] Herein Ax, Ay, A¢ denote a translational shift in the
x-direction, a translational shift in the y-direction, and a rota-
tion around the z-axis, of the two diffraction gratings 65 an 67
relative to each other, respectively. A corresponding rotation
around an angle A¢ around the z-axis is illustrated in FIG. 4B.
A translational shift of amount Ax in the x-direction is illus-
trated in FIG. 4C, a translational shift of amount Ay in the
y-direction is illustrated in FIG. 4D, and a translational shift
of amount Az along the z-direction is illustrated in FIG. 4E.
Depending on the kind and amount of relative displacement
of the two diffraction gratings 65 and 67 having the above-
mentioned phase-function implemented different total phase-
functions realized by the successive arrangement of the two
diffraction gratings 65 and 67 result. In particular, depending
on the kind and amount of relative displacement of the two
diffraction gratings, optical properties in the area of extension
of the variable light shaping member 2956 can be modified in
a desired way.

[0095] As an example of an effect of a displacement of the
two diffraction gratings 65 and 67 relative to each other,
FIGS. 5A, 5B, 5C, 5D and 5E illustrate an effect of displacing
the two diffraction gratings 65 and 67 relative to each other in
the x-direction. In FIGS. 5A to 5E the x-direction corre-
sponds to the horizontal direction. Although in fact succes-
sively arranged in the direction orthogonal to the drawing
plane, the diffraction gratings 65 and 67 are depicted in FIGS.
4 A to 4E side by side (diffraction grating 65 shown at the left
hand side, diffraction grating 67 shown in the middle) and the
total phase-function is shown on the right hand side in each of
the FIGS. 4A to 4E. FIG. 5A illustrates the case, wherein a
relative displacement of the two diffraction gratings 65, 67 in
the x-direction is zero. Due to the anti-symmetric property of
the phase-function f(x,y) with respect to the x-coordinate and
the different orientations of the two diffraction gratings (one
is rotated 180° around the y-axis) the two differently oriented
phase-functions cancel resulting in a constant total phase-
function 69,.

[0096] FIG. 5B illustrates the case of a displacement Ax=0.
05D of the two diffraction gratings 65 and 67 relative to each
other in the x-direction. In this case, the total phase-function
69, exhibits a variance across the area of the variable light
shaping member 295 showing concentric rings. These con-
centric rings have a converging effect on measuring light
traversing the variable light shaping member 295. FIGS. 5C,
5D and 5E illustrate relative displacements of the diffraction
gratings 65 and 67 along the x-direction of even higher
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amounts. It is obvious, the higher the relative displacement of
the two diffraction gratings 65 and 67 in the x-direction, the
more concentric rings evolve in the resulting total phase-
function 69, 69,, 695, respectively. This in turn indicates that
the variable light shaping member exhibits a higher and
higher converging effect on measuring light traversing the
same. In other words, a focal length of the variable light
shaping member 295 decreases with increasing amount of
relative displacement of the two diffraction gratings 65 and 67
in the x-direction.

[0097] FIGS. 6A, 6B, 6C, 6D and 6F illustrate the effect of
a relative displacement of the two diffraction gratings 65 and
67 along the y-direction. Again, although in fact successively
arranged in a direction perpendicular to the drawing plane,
the two diffraction gratings 65 and 67 are depicted side by
side (diffraction grating 65 at the left hand side and diffraction
grating 67 in the middle) and the resulting total phase-func-
tion is illustrated on the right hand side in each of the FIGS.
6Ato 6E. Again, as shown in FIG. 6 A the total phase-function
71, shows no contrast and thus no effect on traversing mea-
suring light, when the relative displacement of the two dif-
fraction gratings 65 and 67 is zero. In FIG. 6B the case is
illustrated, where the relative displacement of the two diffrac-
tion gratings 65 and 67 is Ay=0.05D. The resulting total
phase-function 71, resembling a shape of a saddle. The result
on measuring light traversing the variable light shaping mem-
ber 295 exhibiting the total phase-function 71, is that rays of
the measuring light propagating in perpendicular planes will
be focused to different points. Thus, the total phase-function
71, has an effect of an astigmatic lens, such as a cylinder lens.
The magnitude of the astigmatism can be increased by
increasing the amount of relative displacement of the two
diffraction gratings 65 and 67 along the y-direction, as illus-
trated in FIGS. 6C, 6D and 6E. The principal axis of the
astigmatism can be adjusted by rotating the two diffraction
gratings 65 and 67.

[0098] FIG. 7 illustrates another embodiment 1c¢ of a sys-
tem for measuring a surface of an object. The system 1c
comprises an interferometer 2¢, an object holder 4¢ and a
three-axis positioning apparatus 6¢. The interferometer 2¢
may be configured as interferometers 2 or 2q illustrated in
FIGS. 1 and 3, respectively. The three-axis positioning appa-
ratus 6¢ is provided to displace the interferometer 2¢ relative
to the object 5¢ mounted at the object holder 4¢. The three-
axis positioning apparatus 6¢ comprises two base plates 72
comprising horizontal guide tracks 73. In the horizontal guide
tracks two vertical bars 74 are slidable in a direction indicated
by double arrow 75. The vertical bars 74 in turn comprise each
a vertical guide track 73' in which a shaft 76 is slidable in
directions indicated by double arrow 77. The shaft 76 is
rotatable around an axis 78. At the shaft 76 the interferometer
2¢ is mounted such that it is appropriately positioned to mea-
sure a portion 33¢ of the surface 3¢ of the object 5¢ mounted
at the object holder 4c¢. By shifting the interferometer 2¢ in
directions indicated by double arrows 75 and 77 and rotating
the interferometer 2¢ around the axis 78 other portions of the
surface 3¢ of the object 5¢ can be measured to obtain surface
shape data representing a shape of the surface 3¢ of the object
5c. For this, also the object holder 4c¢ is rotatable around an
axis 55¢, similar as the object holders 4 and 4a illustrated in
FIGS. 1 and 3, respectively.

[0099] Summarized, embodiments of the present invention
comprise methods and systems for measuring a surface of an
object, wherein portions of the surface of the object are inter-
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ferometrically measured and data representing a shape of the
surface of the object are obtained by stitching the measure-
ment data corresponding to each portion together. For mea-
suring the individual portions of the surface of the object a
variable light shaping member is utilized preferably con-
structed by successively arranging two diffraction gratings in
a beam path of measuring light and appropriately displacing
the two diffraction gratings relative to each other depending
on a target shape of a particular portion of the surface of the
object.

[0100] While the invention has been described with respect
to certain exemplary embodiments thereof, it is evident that
many alternatives, modifications and variations will be appar-
ent to those skilled in the art. Accordingly, the exemplary
embodiments of the invention set forth herein are intended to
be illustrative and not limiting in any way. Various changes
may be made without departing from the spirit and scope of
the present invention as defined in the following claims.

1-31. (canceled)
32. A method of measuring a surface of an object, the
method comprising:
illuminating a first portion of the surface of the object with
a first portion of measuring light;

detecting light emanating from the first portion of the sur-
face, the light being superimposed with a second portion
of the measuring light by interference;

modifying at least one optical property of the variable light

shaping member;

displacing the surface of the object, to illuminate a second

portion of the surface of the object with the first portion
of the measuring light; and

detecting light emanating from the second portion of the

surface, the light being superimposed with the second
portion of the measuring light by interference,

wherein one of the following holds:

the first portion of the measuring light has traversed the

variable light shaping member before illuminating the
surface of the object; and

the second portion of the measuring light has traversed the

variable light shaping member before being detected
superimposed with the first portion of the measuring
light emanating from the surface of the object.

33. The method according to claim 32, wherein the at least
one optical property of the variable light shaping member is at
least one of a degree of an absorption of the measuring light
and a degree of a phase-shift of the measuring light at one
location relative to another location of a cross section of the
variable light shaping member.

34. The method according to claim 32, wherein a degree of
modifying the at least one optical property of the variable
light shaping member depends on an amount of the displace-
ment of the surface of the object relative to the variable light
shaping member.

35. The method according to claim 32, wherein the variable
light shaping member is formed by a liquid crystal field and
wherein the modifying the at least one optical property of the
variable light shaping member comprises modifying an elec-
tric field at least one location of the liquid crystal field.

36. The method according to claim 32, wherein the variable
light shaping member comprises two diffraction gratings
arranged in a beam path of the measuring light and wherein
the moditying the at least one optical property of the variable
light shaping member comprises displacing the two diffrac-
tion gratings relative to each other.

37. The method according to claim 36, wherein the dis-
placing the two diffraction gratings relative to each other
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comprises at least one of rotating and translating one of the
diffraction gratings relative to the other of the diffraction
gratings.

38. The method according to claim 36, wherein both dif-
fraction gratings comprise a substrate in which substantially
a same phase function is implemented.

39. The method according to claim 32, wherein the first
portion and the second portion of the surface of the object
each comprise less than 80% of a total surface area of the
object.

40. The method according to claim 32, wherein the detect-
ing the light emanating from at least one of the first and the
second portion of the surface comprises acquiring images
using a spatially resolving detector.

41. The method according to claim 32, further comprising:

evaluating an intensity of the detected light having ema-
nated from at least one of the first portion and the second
portion of the surface of the object, to obtain measuring
data representing a surface shape of the surface.

42. The method according to claim 32, wherein substan-
tially an entire surface of the object is measured by repeated
application of the illuminating and the detecting to different
portions of the surface and repeated application of the modi-
fying at least one optical property.

43. A method of manufacturing an optical element, the
method comprising:

obtaining measuring data representing a surface shape of
the optical element according to the method according to
claim 41;

processing the optical element based on the measuring data
representing the surface shape of the optical element
comprising at least one of planing, grinding, etching,
polishing, processing using a particle beam, and apply-
ing a protective coating.

44. A system for measuring a surface of an object, the

system comprising:

an interferometer comprising

a light source for generating measuring light;

a variable light shaping member; and

a spatially resolving detector,

wherein the light source, the variable light shaping member
and the detector are arranged and configured such that
one of the following holds:

allowing the measuring light to be incident on at least a
portion of the surface of the object after traversing the
variable light shaping member, allowing the detector to
detect light being formed by superposition of measuring
light emanating from the surface of the object and ref-
erence light; and

allowing the measuring light to be incident on at least a
portion of the surface of the object, allowing the mea-
suring light emanating from the portion of the surface to
be detected in superposition with measuring light having
traversed the variable light shaping member.

45. The system according to claim 44, wherein the variable
light shaping member is configured such that at least one of
the following holds:

a ratio of an amplitude of the measuring light being inci-
dent on a location of a cross section of the variable light
shaping member and emanating from the location is
adjustable to be greater than 2.0;

a ratio of an amplitude of the measuring light being inci-
dent on a location of a cross section of the variable light
shaping member and emanating from the location is
adjustable to be less than 1.5;

an amount of a difference of a phase of the measuring light
being incident on a location of a cross section of the
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variable light shaping member and emanating from the
location is adjustable to be greater than 7/2 and

an amount of a difference of a phase of the measuring light

being incident on a location of a cross section of the
variable light shaping member and emanating from the
location is adjustable to be smaller than 7/10.

46. The system according to claim 44, wherein the variable
light shaping member comprises a transparent liquid crystal
field.

47. The system according to claim 44, wherein the variable
light shaping member comprises two diffraction gratings
arranged in a beam path of the traversing measuring light,
wherein the two diffraction gratings are displaceable relative
to each other.

48. The system according to claim 47, wherein the two
diffraction gratings each comprise a substrate having optical
diffraction structures arranged thereon implementing sub-
stantially a same phase function.

49. The system according to claim 44, further comprising
an object holder for holding the object, wherein the interfer-
ometer and the object holder are displaceable relative to each
other.

50. The system according to claim 49, wherein at least one
of a three-axis positioning apparatus is provided for displac-
ing the interferometer and an azimuthal pivot bearing is pro-
vided for displacing the object holder.

51. An optical system for shaping a light beam, the system
comprising:

a first diffraction grating and a second diffraction grating

arranged in a beam path of the optical system; and

a controller being configured to control displacing the two

diffraction gratings relative to each other based on an
input value.

52. The system according to claim 51, wherein the relative
displacing comprises at least one of rotating and a translating
the two diffraction gratings relative to each other.

53. The system according to claim 51, wherein at least one
optical property of the optical system can be modified by
displacing the two diffraction gratings relative to each other.

54. The system according to claim 53, wherein the optical
property is at least one of a focal length and an astigmatism.

55. The system according to claim 51, wherein the two
diffraction gratings each comprise a substrate on which a
same phase function is implemented.

56. The system according to claim 55, wherein the first
diffraction grating comprises a first region of the substrate of
the first diffraction grating, and wherein the second diffrac-
tion grating comprises a second region of the substrate of the
second diffraction grating, wherein the two regions each
comprise at least 80% of a total area of the respective diffrac-
tion grating, and wherein, for an optimal relative alignment of
the first region and the second region with respect to a struc-
tural coincidence of both diffraction gratings, an average of
an amount of a difference between local reciprocal lattice
vectors of both diffraction gratings is less than 10/mm.

57. An objective comprising the system according to claim
51.

58. An interferometer optics comprising the system
according to claim 51.

59. The system according to claim 44, wherein the variable
light shaping member comprises:

a first diffraction grating and a second diffraction grating

arranged in a beam path of the optical system; and

a controller being configured to control displacing the two

diffraction gratings relative to each other based on an
input value.



